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DESCRIPTION 
METHOD OF MANUFACTURING A MICROMACHINE 



TECHNICAL FIELD 

The present invention relates to a method of manufacturing a 
microraachine or spherical sensor type measurement device comprising 
a minute spherical sensor part and peripheral part or peripheral 
electrodes surrounding it. More specifically it relates to a method 
of manufacturing a minute sphere and minute electrode bodies with 
diameters of a few millimeters or less . 
BACkGROUND ART 

Methods and devices have been known whereby external forces 
and acceleration can be detected by causing a minute sphere to float 
electrostatically or magnetically without coming into contact with 
its periphery. Such devices typically comprise a minute sphere, a 
device for generating an electric field or a magnetic field which 
causes the minute sphere to float, and a pick-up for detecting 
changes in displacement. It should be added that the floating sphere 
is sometimes rotated at high speed - 

The device for generating an electric field or a magnetic 
field and pick-up for detecting changes in displacement typically 
comprise a plurality of electrodes, which are located in close 
proximity to the sphere . 

The practice hitherto has been for the minute sphere and 
peripheral electrodes to be manufactured separately and then 
assembled. Accordingly, no suitable method has been known for 
manufacturing the sphere and peripheral electrodes simultaneously 
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and accurately, and positioning them correctly in close proximity to 
each other. 

In the field of manufacturing conductor devices, numerous 
methods and techniques are knovm for the stratified formation of 
detailed circuit patterns. These comprise lithography, etching, 
chemical vapor deposition (CVD) and electron beam exposure. However, 
although these methods permit the manufacture of flat substrates or 
chips, they cannot be applied to the formation of minute spherical 
bodies and minute electrodes positioned in close proximity around 
them. 

It is therefore an object of the present invention to 
provide a method whereby minute spherical bodies and minute 
electrodes positioned in close proximity around them can be 
manufactured accurately and simply. 

It is an object of the present invention to provide a method 
of manufacturing minute spherical bodies and minute spherical 
surfaces surrounding them whereon electrodes are formed. 

DISCLOSURE OF THE INVENTION 

The method of manufacturing a micromachine comprising a 
sphere and a peripheral part surrounding it according to the present 
invention comprises formation of a sacrificial film so as to cover 
the sphere, formation of a structural film with the object of 
forming a peripheral part on the sacrificial film, formation of an 
aperture in the structural film so as to expose the sacrificial 
film, and removal of the sacrificial film. 

Thus it is possible to manufacture a sphere and electrodes 
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located in close proximity thereto simultaneously and accurately. 
Particularly, it is possible to manufacture a minute sphere and a 
minute electrode as well. 

The method of manufacturing a micromachine according to the 
present invention comprises forming the sacrificial film so as to 
cover completely the whole surface of the sphere, the sphere being 
completely separated from the peripheral part by virtue of the 
removal of the sacrificial film. It also comprises forming an 
aperture in the sacrificial film so as to expose the sphere, and 
forming the structural film so as to connect with the exposed 
sphere, the sphere being supported from the peripheral part with the 
aid of columns . Alternatively , the sphere is supported from the 
peripheral part with the aid of columns by virtue of the fact that 
the sacrificial film is partially removed. 

The method of manufacturing a sphere and an electrode body 
according to the present invention comprises a process of forming a 
sacrificial film on the surface of a sphere, a process of forming a 
plurality of electrode patterns comprising a conductor film on the 
sacrificial film, a process of forming an insulator film so as to 
bridge the electrode patterns, and a process of removing the 
sacrificial film. 

In addition, the method of manufacturing a sphere and an 
electrode body according to the present invention comprises forming 
a second sacrificial film so as to cover the sacrificial film on 
which the electrode patterns are formed, forming groove patterns on 
the second sacrificial film so as to expose the electrode patterns, 
and forming an insulator film so as to connect the plurality of 
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exposed electrode patterns, the method of removing the sacrificial 
film comprising removal of the two sacrificial films . 

In the method of manufacturing a sphere and an electrode 
body according to the present invention, the sphere is composed of 
monocrystalline or polycrystalline silicon, the first and second 
sacrificial films are silicon dioxide films, the conductor film is a 
polycrystalline silicon film, and the insulator film is a silicon 
nitride or high-resistance polycrystalline silicon film. 

The method of manufacturing a sphere and an electrode body 
according to the present invention comprises forming the sacrificial 
films so as to cover completely the whole surface of the sphere, the 
sphere being completely separated from the electrodes by virtue of 
the removal of the sacrificial films. 

The spherical sensor type measuring device according to the 
present invention comprises a sphere which functions as a sensor, a 
peripheral part having a spherically shaped inner surface which 
encloses the sphere, and a plurality of electrodes formed on the 
spherically shaped inner surface. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-sectional view illustrating the structure 
of the floating spherical type measuring device according to the 
pr e s e nt in ve nt io n ; 

FIGS . 2A and 2B are diagrams illustrating the external 
appearance of the floating spherical type measuring device according 
to the present invention; 

FIG. 3 is a diagram illustrating the electrical circuit 



4 



, J...O o ^. 'gi.e o «s n s- a 8.*o e 



pattern of the floating spherical type measuring device according to 
the present invention; 

FIGS. 4A and 4B are explanatory diagrams for the purpose of 
explaining the method of manufacture of the floating spherical type 
measuring device according to the present invention; 

FIGS- 5A, 5B and 5C are explanatory diagrams for the purpose 
of explaining the method of manufacture of the floating spherical 
type measuring device according to the present invention; 

FIGS- 6A, 6B and 6C are explanatory diagrams for explaining 
the method of manufacture of the floating spherical type measuring 
device according to the present invention; 

FIG. 7 is a cross-sectional view illustrating the structure 
of the non-floating spherical type measuring device according to the 
present invention; and 

FIGS. 8A, 8B and 8C are explanatory diagrams for explaining 
the method of manufacture of the non-floating spherical type 
measuring device illustrated in FIG. 7 according to the present 
invention - 

BEST MODE FOR CARRYING OUT THE INVENTION 

Before the method of manufacture according to the present 
invention is explained, the structure of a floating spherical type 
measuring device manufactured according to that method will be 
described with the aid of FIGS. 1 and 2. Examples of floating 
spherical type measuring device comprise acceleration gauges and 
gyros and the like. As may be seen from FIG. 1, the device of this 
example comprises a spherical mass part 10 and a spherical 



5 



ji. o Q J.. «i 3 CI ^gi «. o fe e»i-o e 



peripheral casing 100 surrounding it. 

The external diameter of the mass part 10 is slightly 
smaller than the internal diameter of the spherical internal surface 
of the casing 100. When the mass part 10 is caused to float 
electrostatically, magnetically or by another suitable method, a gap 
11 is formed around the mass part 10. This gap 11 is a sealed space, 
and may form a vacuum. It may also be filled with a suitable inert 
gas. The diameter of the mass part 10 is a few millimeters and less, 
and the thickness of the gap 11 may be a few microns. 

On the spherical inner surface of the casing 100 are formed 
six electrodes 101, 102, 103, 104, 105, 106 (only electrodes 101, 
102, 105, 106 are illustrated in FIG. 1), with a shield electrode 
107 arranged therebetween. The six electrodes 101-106 may be used, 
for instance, as a power source or for control purposes, while the 
shield electrode 107 may be used as an earth. The six electrodes 
101-106 and shield electrode 107 are separated from one another by a 
narrow groove, and are connected by bridges 130 located on their 
outer surfaces. 

The seven electrodes 101-106, 107 are formed with 
conductors, the bridges 130 with insulators. A protective film 132 
for the insulators is formed on the outer surface of the casing 100. 
To each of the seven electrodes 101-106, 107 are connected terminals 
111-116, 117 (cf. FIG. 2B), which will be described below. 

Explanation will be given referring to FIG. 2. An origin O 
is depicted in the center of the mass part 100, while X1-X2 axis and 
yi-Y2 axis are taken on the horizontal plane. The vertical axis is 
represented as Z1-Z2. fig. 2A views the device along the Yi axis 
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direction, FIG. 2B along the Z22 axis direction. FIG. 1 is a cross- 
sectional view cut along the vertical face X-Z plane, and FIG. 3 is 
an external view of the device of this example. 

As the broken lines show, the six electrodes 101-106 are 
circular in shape, and are each arranged along three orthogonal 
axes. The portion remaining from the six electrodes 101-106 is a 
shield electrode 107. 

The terminals 111-116, 117 are located in positions 
corresponding to the electrodes 101-106, 107, each electrode and the 
corresponding terminal being connected electrically. Electrical 
circuit patterns 121-126, 127 (cf . FIG. 2B) extend from the 
terminals 111-116, 117. 

As may be seen from FIG. 2B, the tips of the electrical 
circuit patterns 121-126, 127 converge on the under side of the 
outer surface of the casing 100. The tips of the electrical circuit 
patterns 121-126, 127 are arranged, for instance, around a single 
circle as illustrated in the drawing. In this manner the six 
electrodes 101-106 and the shield electrode 107 are able to connect 
with an external device (not illustrated in the drawings) with an 
electrode terminal part located in the same manner along a single 
circle. 

Although not illustrated in detail in the present example 
each of the 6 electrodes 101 ~ 106 comprises a pair of electrode 
parts and therefore, six pairs of terminals 111-116 connected to the 
electrodes 101-106 each comprise a pair of terminals . This means 
that there are two electrical circuit patterns extending from these 
terminals for each electrode. It should be noted that there is only 
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one terminal 117 connected to the shield electrode 107, and only one 
electrical circuit pattern extends therefrom. 

There follows, with reference to FIGS. 4, 5 and 6, a 
description of the method of manufacture according to the present 
invention. First, as FIG. 4A shows, a sphere 10 is prepared from 
silicon Si, preferably monocrystalline silicon Si. This forms the 
mass part 10. Next, as may be seen from FIG. 4B, a first insulator 
film is formed on the surface of the sphere 10, for instance, in the 
shape of a silicon dioxide Si02 film 12. This may be achieved with 
the aid of chemical vapor deposition (CVD) . 

In the next process the electrode patterns are formed from a 
conductor film. First, as may be seen in FIG. 4C, a conductor film 
comprising, for instance, a polycrystalline silicon Si film 14 is 
formed so as to cover the first insulator film 12 completely. Next 
electrode pattern grooves 15 are formed on a polycrystalline silicon 
Si film 14 by etching. These electrode pattern grooves 15 are formed 
in the shape of six narrow rings corresponding to the shape of the 
six electrodes 101-106. In this manner electrode patterns are formed 
inside the 6 ring shaped grooves with shield electrode patterns 
formed on the outside thereof. 

It should be added that various other shapes of electrode 
pattern may be considered in addition to the circular patterns of 
this example. 

Next, as FIG. 5A shows, a second insulator film 16 is formed 
of silicon dioxide Si02. This may be achieved with the aid of 

chemical vapor deposition (CVD). Thus the electrode pattern grooves 
15 formed in the process illustrated in FIG. 4C are filled with 
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silicon dioxide SiOz, so that the first silicon dioxide film 12 and 
second silicon dioxide film 16 are connected via the electrode 
pattern grooves 15. 

The first and second silicon dioxide insulator films 12, 16 
are later removed, and are therefore known as dummy or sacrificial 
films . 

In the process which follows, an insulator bridge is formed 
in order to connect the electrode and shield electrode patterns . 
First, as may be seen from FIG. 5B, bridging pattern grooves 17 are 
etched into the second silicon dioxide film 16. The bridging grooves 
17 are created in suitable numbers on either side of the electrode 
pattern grooves 15, which form the boundary between the six 
electrode patterns and the shield electrode pattern. In parts of the 
bridge pattern grooves 17, the conductor film or polycrystalline 
silicon Si film 14 is exposed. 

Next, as FIG. 5C shows, a silicon nitride Si3N4 insulator 
film 18 is formed. This silicon nitride Si3N4 film 18 is formed along 
the electrode pattern grooves 15 so as to cover the bridge pattern 
grooves 17 which have been formed on the second silicon dioxide film 
16. In this manner the exposed electrode and shield electrode 
patterns are connected by means of the silicon nitride Si3N4. 

Next, as may be seen in FIG. 6A, the two sacrificial films, 
which is to say the first and second silicon dioxide films 12, 16 
are removed. It goes without saying that the silicon dioxide which 
fills the electrode pattern grooves 15 formed in the polycrystalline 
silicon film 14 is also removed. Thus, the monocrystalline silicon 
sphere 10 is separated from the periphery, and the mass part 10 is 
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formed . 

Removal of the silicon dioxide is effected by the use of a 
suitable solution in which silicon dioxide dissolves, but which does 
not dissolve the monocrystalline silicon sphere 10, polycrystalline 
silicon film 14 or silicon nitride film 18. This solution first 
dissolves the second silicon dioxide film 16, then the silicon 
dioxide which fills the electrode pattern grooves 15. Finally, it 
dissolves the first silicon dioxide film 12 via the grooves 15. 

Next, a protective film is formed from the insulator film. 
As FIG. 6B shows, a third silicon dioxide film 20 is formed so as to 
cover the whole casing 100. This may again be achieved with the aid 
of chemical vapor deposition (CVD) . By virtue of the fact that a 
protective film is formed in this manner, the gap 11 formed on the 
outside of the mass part 10 becomes a shield space. As has been 
stated above, this shield space may be a vacuum, or it may be filled 
with a suitable inert gas. Furthermore, terminal pattern grooves 21 
are formed on this third silicon dioxide film 2 0 in positions 
corresponding to the six electrode patterns and the shield electrode 
pattern . 

Finally, a wiring pattern from a thin metal film is formed 
on top of the third silicon dioxide film 20, thus forming terminals 
22 as shown in FIG. 6C. The terminals 22 are formed so as to be each 
connected to the six electrode patterns and the shield electrode 
pattern. It should be added that although not illustrated in FIG. 6C 
an electrical circuit pattern (cf. FIG. 2) is also formed extending 
from the terminal 22. 

There now follows, with reference to FIG. 7, a description 
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of another example of the present invention. This example comprises 
a sphere 10 and a peripheral casing 100 in the shape of a spherical 
surface surrounding it. The mass part 10 is supported on the 
peripheral casing 100 with the aid of columns 110. As the drawing 
shows, the columns 110 may consist of a pair of columns 110 located 
along the Z axis, which is to say at the north and south poles. In 
this example there is no need, as in the case of the floating 
spherical type measuring device illustrated in FIG. 1, to provide a 
device for generating electrostatic or magnetic force in order to 
float the mass part 10. 

The method of manufacturing the device illustrated in FIG. 7 
will be described with reference to FIG. 8. First, as FIG. 8A shows, 
a sphere 10 is prepared from silicon Si, preferably monocrystalline 
silicon Si. This forms the mass part 10. Next, as may be seen from 
FIG. 8B, a first insulator film is formed on the surface of the 
sphere 10 in the shape, for instance, of a silicon dioxide SiOj film 
12. This may be achieved with the aid of chemical vapor deposition 
(CVD). Next, the first insulator film 12 is etched to form grooves 
13 in the positions where the columns 110 are to be formed, thus 
exposing the sphere 10. 

The process thereafter is similar to that adopted in 
manufacturing the device illustrated in FIG. 1. In the next process 
the electrode patterns are formed from a conductor film. First, as 
may be seen in FIG. 8C, a conductor film comprising, for instance, a 
polycrystalline silicon Si film 14 is formed so as to cover the 
first insulator film 12 completely. As a result of this process the 
grooves 13 in the first insulator film 12 are filled with 
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polycrystalline silicon Si film. What follows is the same as in the 
method of manufacturing described above. 

Next, electrode pattern grooves 15 are etched on to the 
polycrystalline silicon Si film 14. These electrode pattern grooves 
15 are formed in the shape of six narrow rings corresponding to the 
shape of the six electrodes 101-106. Thus, the electrode patterns 
are formed on the inside of the six ring-shaped grooves, while the 
shield electrode pattern in formed on the outside. 

After that, the method which has been described with 
reference to Figs. 5 and 6 applies without modification. As FIG. 5A 
shows, a second insulator film 16 is formed of silicon dioxide Si02, 
following which bridging pattern grooves 17 are etched into the 
second silicon dioxide film 16 as shown in FIG. 5B. Then, as FIG. 5C 
shows, a silicon nitride Si3N4 insulator film 18 is formed. 

Next, as may be seen in FIG. 6A, the two sacrificial films, 
which is to say the first and second silicon dioxide films 12, 16 
are removed. Thus, the monocrystalline silicon sphere 10 is 
separated from the periphery except for the columns 110, and the 
mass part 10 is formed. 

As FIG. 6B shows, a third silicon dioxide film 20 is formed, 
upon which a metal film wiring pattern is formed as shown in FIG. 
6C. In this manner the terminals 22 are formed. 

In the above example, the columns 110 are formed in the 
process in which the conductor or polycrystalline silicon Si film 14 
is formed. Consequently, the columns 110 consist of conductors like 
the electrodes 101-106, 107. However, it is also possible to form 
the columns 110 out of the first insulator or silicon dioxide SiOz 
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film. 

The above is a detailed description of embodiments of the 
present invention, but it will easily be understood by persons 
versed in this field that the present invention is not limited to 
these embodiments and may employ various other configurations 
without departing from the gist thereof - 

The present invention has the advantage of allowing the 
sphere and the peripheral electrodes to be manufactured 
simultaneously. 

The present invention has the advantage of allowing the gap 
between the sphere and the peripheral electrodes to be formed 
accurately and simply. 

The present invention has the advantage of allowing the 
sphere and the peripheral electrodes to be manufactured accurately 
even if they are very small in dimension. 
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DESCRIPTION OF REFERENTIAL NUMERALS 

10 ... Sphere, mass part 

11 ... Gap 

12 ... Silicon dioxide film (sacrificial film) 

14 ... Polycrystalline silicon film (conductor film, electrode 
pattern ) 

15 ... Electrode pattern groove 

16 ... Silicon dioxide film (sacrificial film) 

17 ... Bridge pattern groove 

18 ... Silicon nitride film (insulator film) 

20 ... Silicon dioxide film (protective film) 

21 ... Terminal pattern groove 

22 ... Metal film (terminal pattern) 
100 . . . Casing 

101, 102, 103, 104, 105, 106 ... Electrodes 
107 ... Shield electrode 

111, 112, 113, 114, 115, 116, 117 ... Terminals 

121, 122, 123, 124, 125, 126, 127 Electric circuit pattern 

130 . . . Bridge 

132 ... Protective film 
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CLAIMS 

1 . A method of manufacturing a micromachine including a 
sphere and a peripheral part, comprising: 

formation of a sacrificial film so as to cover the sphere; 

formation of a structural film with the object of forming a 
peripheral part on said sacrificial film; 

formation of an aperture in the structural film so as to 
expose said sacrificial film; and 

removal of the sacrificial film. 

2 . The method of manufacturing a micromachine according to 
Claim 1 , characterized by 

forming said sacrificial film so as to cover completely the 
whole surface of said sphere, and 

the sphere being completely separated from said peripheral 
part by virtue of the removal of the sacrificial films - 

3. The method of manufacturing a micromachine according to 
Claim 1, characterized by comprising: 

forming an aperture in said sacrificial film so as to expose 
said sphere; and 

forming said structural film so as to connect it with said 
exposed sphere, 

the sphere being supported from the peripheral part with the 
aid of columns by virtue of the removal of said sacrificial film. 

4. The method of manufacturing a micromachine according to 
Claim 1 , characterized in that 

said sphere is supported from said peripheral part with the 
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aid of columns by virtue of the fact that said sacrificial film is 
partially removed. 

5 . A method of manufacturing a sphere and an electrode 
body , compris ing : 

a process of forming a sacrificial film on the surface of a 

sphere ; 

a process of forming a plurality of electrode patterns 
including a conductor film on the sacrificial film; 

a process of forming an insulator film so as to bridge the 
electrode patterns; and 

a process of removing the sacrificial film. 

6 . The method of manufacturing a sphere and an electrode 
body according to Claim 5, characterized in that the process of 
forming said insulator film comprises : 

forming a second sacrificial film so as to cover said 
sacrificial film on which said electrode patterns are formed; 

forming groove patterns on the second sacrificial film so as 
to expose said electrode patterns; and 

forming an insulator film so as to connect said plurality of 
exposed electrode patterns, 

the method of removing said sacrificial film comprising 
removal of said second sacrificial film. 

7 . The method of manufacturing a sphere and an electrode 
body according to Claim 5, characterized in that 

said sphere is composed of monocrystalline or 
polycrystalline silicon. 

8. The method of manufacturing a sphere and an electrode 
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body according to Claim 5, characterized in that 

said first and second sacrificial films are silicon dioxide 

films . 

9. The method of manufacturing a sphere and an electrode 
body according to Claim 5 , characterized in that 

said conductor film is a polycrystalline silicon film. 

10. The method of manufacturing a sphere and an electrode 
body according to Claim 5 , characterized in that 

said insulator film is a silicon nitride or high-resistance 
polycrystalline silicon film. 

11. The method of manufacturing a sphere and an electrode 
body according to Claim 5, characterized by comprising; 

forming the sacrificial films so as to cover completely the 
whole surface of the sphere, 

the sphere being completely separated from the electrodes by 
virtue of the removal of the sacrificial films. 

12. A spherical sensor-type measuring device having a 
sphere which functions as a sensor, a peripheral part having a 
spherically shaped inner surface which encloses the sphere, and a 
plurality of electrodes formed on the spherically shaped inner 
surface. 



.1. Q 3?! i> ^« e 41 ■'■■i o rs-e a^^ii e: 



ABSTRACT OF THE DISCLOSURE 
It is an object of the present invention to provide a method 
of manufacturing a floating spherical type measuring device 
comprising a sphere which is capable of floating, and electrodes 
surrounding it. The method of manufacturing a measuring device 
according to the present invention comprises forming a first 
sacrificial film on the surface of the sphere, forming electrode 
patterns from a conductor film upon the first sacrificial film, 
forming a second sacrificial film so as to cover the first 
sacrificial film on which the electrode patterns have been formed, 
exposing the electrode patterns by forming groove patterns on the 
second sacrificial film, forming an insulator film so as to connect 
a plurality of exposed electrode patterns, and removing the first 
and second sacrificial films . 
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As a below named inventor, I hereby declare that: 








My residence, post office address and citizenship are as stated 
next to my naine: 








I believe I am the original, first and sole inventor if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 








METHOD OF MANUFACTURING A MICROMACHINE 








the specification of which is attached hereto unless the 
following box IS checked: 
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M was filed on 27 April 2000 

as United States Application Number of 

PCT International Application Number PCT/JPOO/02739 

and was amended on 

(if applicable). 

I hereby state that 1 have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 








I acknowledge the duty to disclose information which is 
material to patentability as defined m Title 37, Code of Federal 
Regulations, Section 1.56. 
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5 K»3 6 5Si (B)(C i a P C THl»fflnK-PV>T. HI» 1 1 9 « (a) 
•(d) ^X<1S!3 6 5^(b)Sfc3S-:JV>TH5fel8*±Jfi-f-a fc fc 4(c 

»»Hjniftli«BJ!«affll«H. «V'liP CTfflBUJKlc^v.TU. 
Prior Foreign AppIication(s) 


I hereby claim foreign priority under Title 35, United States Code, 
Section 1 19(a)-(d) or 365(b) of any foreign application(s) for patent or 
inventor's certificate, or 365(a) of any PCX Intemational application 
which designated at least one country other than the United States listed 
below and have also identified below, by checking the box, any foreign 
application for patent or inventor's certificate or PCT international 
application having a filing date before that of the application for which 

Pnority Not Claimed 


11-120260 Japan 
CNumber) (Country) 


27ADnll999 □ 
(Day/Month/Year Filed) 


PCT/J POO/02739 PCT 
(Number) (Country) 

<Da«) 


27 April 2000 □ 
(Day/Month/Year Filed) 


(Number) (Country) 
(DB*) 


□ 

(Day/Month/Year Filed) 


(Number) (Country) 


□ 

(Day/Month/Year Filed) 


(Number) (Country) 

(«■») <Da«) 


□ 

(Day/Month/Year Filed) 


(Number) (Country) 

(Application No.) (Filing Date) 
(fflB»#) (IHBH) 


□ 

(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, Section 
1 19(e) of any United States provisional application(s) listed below 

(Application No ) (Filing Date) 


*a3 5«ffl 1 2 0«tc«'^< «Ilt**JBL. X*H 4 v^*. 
fii? C TDBiaifinfc'QV^T t. 6 5« (c)(cK-:J< Witt 

35S»1 1 2*ffilSt:jaSShf:KI«t>. itff-t « * HfflHXJi 

p cTBiiBmaKPS*«nTv»<£vi«i#fcisv%Ttt. -tcjCffffiH© 

JfiHB t *BlrtffiH H * tiP C TffllHfflH B t oM»Miai«K.A* 
tt *cBDb 4 «5<£fllllfc -9 V> T Wwea*t * 4 C t 4. 


I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or 365(c) of any PCT 
intemational application designating the United States, listed below and, 

not disclosed in the prior United States or PCT International application 
in the manner provided by the first paragraph of Title 35, United Slates 
Section 112, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the filing 
date of the pnor application and the national or PCT international filing 
date of application. 


(Application No.) (Filing Date) 


(Status: Patented. Pending. Abandoned} 


«.«. ci(c*»JI«F ftft tiB#Ofll«lc»ft4Htti!)<KST* »)« 
fl-?fll«t(3-f4C<;(ca^< at»Af, XSST*4tfil;*.n4ct 

a 1 8«ai 0 0 «t<«4+«9H35 

UJ:9ftW6n. Jt-J'!t«SKJt4JBft<0BlliEI±. :4:tUI{l: 

fi{t+nK«tT«ff «ft4v>fti/^4«ttt. *«)W)»etcraH)ti»^ 


I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be true, and further that these statements were made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 8 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
^the fo.llD.wing attomey(s) and/or agent(s) to prosecute this application 
*and transact al business m the Patent and Trademark Office 

connected therewith (list name and registration number) 

WILLIAM S. FROMMER, Registration No . 25,506 a nd 

DENNIS M. SMID. Registration No. 34.9m, 

Send Correspondence to: 

WILLIAM S. FROMMER , Esq. 
' ^o FROMMER LAWRENCE & HAUG LLP 

7 45 Fifth Avenue 
~tsjew York, New York I0151_ 



Direct Telephone Calls to: (212) 588-0800 

To the attention of: WILLIAM S. FROMMER 



Full name of sole or first inventor 

Masavoshi ESASHI 

inventor's signature Date 

Residenc? 



Post Office Address: 



1 1-9, Yagiyama-minami 1-chome 
Taihaku-ku, Sendai-shi 
Miyagi 982-0807 Japan 



full name of second joint inventor, if any 
Jakao MURAKOSHI 



Second Inventor's signature 



Date 



Residence 

\^"^Y"r Japan 



Post Office Address 



TOKIMEC Inc. 
16-46, Minami Kamata 2-chome 
Ohta-ku, Tokyo 144-0035 Japan 



(Supply similar information and signature for third and subsequent 
joint inventors) — r a. 
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.POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attomey{s) and/or agent(s) to prosecute this application 
and transact al business in the Patent and Trademark Office 
connected therewith (list name and registration number) 

WILLIAM S. FROMMER, Registration No. 25,506 and 

DENNIS M. SMID. Registration No. 34.930 

Send Correspondence to: 

WILLIAM S. FROMMER, Esq. 

c/o FROMMER LAWRENCE & HAUG LLP 

745 Fifth Avenue 

New York, New York 10151 



Direct Telephone Calls to: (212) 588-0800 

To the attention of: WILLIAM S. FROMMER 



Full name of third joint inventor, if any 




.Shieeru NAKAMURA 




Third inventor's signature 

^^ ^ m 


Date 


Residence 

Tokyo, Japan 




Citizenship 









Post Office Address: 



TOKIMEC Inc. 
16-46, Minami Kamata 2-chome 
Ohta-ku, Tokyo 144-0035 Japan 



Full name of fourth joint inventor, if any 


Nobuo TAKEDA 




FoupttrlnVentj^r's signature 


, y Date 






Residence 




Chiba, Japan 




Citizenship 








Post Office Address: 




Ball Ser 


niconductor Limited 


4-1-7 Mmami Nagareyama 


Nagareyama-shi, Chiba 270-0163 Japan 



(Supply similar information and signature for fifth and subsequent 
joint inventors) 



.l.;0 J. '^.IBO'^i .., 8-f Ol s 
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